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Supervisors : 
1. Semin, S.T., M.T., Ph.D. 
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Abstract 
HFO has become one of fuel choice for engine on 
board because it has a relatively cheaper price compared to 
HSD and MDO. However, unlike HSD which is can be used 
directly, HFO must have system of preparation before it 
flowed into ship's engine. HFO system generally includes 
storage tanks, transfer pumps, settling tanks, separators, 
service tank, booster pump.  
Because of more advanced refining process, HFO 
has changes in terms of quality and quantity. HFO currently 
has a higher concentration of asphalt content and also 
experiencing a change in fuel properties, such as viscosity and 
density. This low quality fuel may lead to several 
complication on main engine and fuel treatment system 
components. To reduce the impact, fuel can be homogenized 
by process called Homogenization process.  
Homogenization process becomes important for 
fuel especially HFO. By performing homogenization of fuel, 
fuel waste can be reduced, quality of combustion can be 
better, and also able to provide a positive influence for the 
reduction of emissions and a reduction in NOx levels. 
Homogenization process is done with a tool called a 
homogenizer. 
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In this bachelor thesis, author intends to study the 
effect of homogenizer instalation on PT. Pertamina tanker’s 
fuel system. Research will study fuel oil cost difference 
between PT. Pertamina tankers MT. Pangkalan Brandan 
which equipped with homogenizer and MT. Palusipat which 
are not  equipped with homogenizer. Research is be done by 
comparing FOC two similiar ships and calculate it’s fuel 
benefit reduction cost. 
Due to fuel oil price fluctuation, fuel oil price 
will be simulated with five different scenario which are 
decrease 2,93% annually, decrease 1,47% annually, constant 
price,  increase 6,7% annually, and increase 13,41% 
annually. Through ecomonic calculation, the result for 
homogenizer instalation are effect on reducing fuel oil 
consumption cost whithin 10 years. Fuel oil consumption 
cost reduction are ; $47.462,1 with fuel oil price decrease 
2,93% annually, $52.615,9 with fuel oil price decrease 1,47% 
annually, $58.185,0 with constant fuel oil price, $89.928,0 
with fuel oil price increase 6,7% annually, and $134.975,1 
with fuel oil price increase 13,41% annually. Payback 
period will be obtained within 4 years after operation. 
 
Key words : Fuel conversion, fuel cost reduction, 
homogenizer, ship fuel system. 
  
vii 
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Abstrak 
HFO menjadi salah satu pilihan bahan bakar untuk 
mesin kapal karena harganya yang relatif lebih murah 
dibandingkan dengan HSD dan MDO. Namun demikian, tidak 
seperti HSD yang dapat digunakan secara langsung, HFO 
harus harus menjalani perlakuan pada sistem bahan bakar 
sebelum memasuki mesin. Sistem perlakuan HFO diantaranya 
meliputi storage tanks, transfer pumps, settling tanks, 
separators, service tank, dan booster pump.  
Dikarenakan semakin berkembangnya proses 
penyulingan minyak, HFO telah berubah baik secara kualitas 
maupun kuantitas. HFO saat ini selain memiliki kosentrasi 
aspal yang lebih tinggi, juga telah mengalami perubahan 
properties, seperti viskositas dan densitas. Penurunan kualitas 
bahan bakar ini dapat menyebabkan timbulnya komplikasi 
masalah baik pada mesin induk maupun pada komponen-
komponen sistem pengolahan bahan bakar. Untuk mengurangi 
efek tersebut, bahan bakar dapat dihomogenkan melalui 
proses yang dinamakan homogenisasi.  
Proses homogenisasi menjadi hal yang krusial 
khususnya untuk bahan bakar HFO. Melalui proses 
homogenisasi, sludge bahan bakar dapat berkurang, kualitas 
pembakaran menjadi lebih baik, dan berpengaruh positif 
terhadap berkurangnya emisi gas buang dan berkurangnya 
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NOx. Proses homogenisasi dilakukan oleh alat yang 
dinamakan homogenizer.  
Pada tugas akhir ini, penulis akan meneliti 
pengaruh pemasangan homogenizer pada sistem bahan bakar 
kapal tanker PT. Pertamina. Penelitian dilakukan dengan 
membandingkan perbedaan biaya konsumsi bahan bakar 
antara kapal tanker milik PT. Pertamina yang telah dilengkapi 
dengan homogenizer, MT. Pangkalan Brandan, dengan  tanker 
PT. Pertamina yang belum terpasang homogenizer. Penelitian 
dilakukan dengan membandingkan FOC dua kapal dengan 
dimensi yang hampir sama dan menghitung keuntungan dari 
penurunan biaya bahan bakar.  
Dikarenakan fluktuasi harga bahan bakar, 
maka harga bahan bakar akan disimulasikan memalui 
lima skenario harga yang berbeda yaitu, menurun 2,93% 
pertahun, menurun 1,47% pertahun, harga konstan,  
meningkat 6,7% pertahun, dan meningkat 13,41% pertahun. 
Melalui kalkulasi ekonomis, hasil dari pemasangan 
homogenizer selama sepuluh tahun memberikan efek 
pada pengurangan biaya konsumsi bahan bakar sebesar ; 
$47.462,1 dengan skenario harga bahan bakar menurun  
2,93% pertahun, $52.615,9 dengan skenario harga bahan 
bakar menurun 1,47% pertahun, $58.185,0 dengan skenario 
harga bahan bakar konstan, $89.928,0 dengan skenario harga 
bahan bakar meningkat 6,7% pertahun, dan $134.975,1 
dengan skenario harga bahan bakar meningkat 13,41%  
pertahun. Payback period secara keseluruhan pada kelima 
skenario harga akan tercapai pada periode empat tahun 
setelah masa operasional. 
 
Kata kunci : Konversi bahan bakar, pengurangan biaya 
bahan bakar, homogenizer, sistem bahan 
bakar kapal. 
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CHAPTER I 
INTRODUCTION 
 
1.1 Background 
As we now in recent time, HFO become one of 
choice of fuel for the engine on board, because it has a 
relatively cheaper price compared to HSD (diesel) and 
MDO. However, unlike the HSD which is can be used 
directly, HFO must have a system of preparation before it 
flowed into the ship's engine. HFO system generally 
includes storage tanks, transfer pumps, settling tanks, 
separators, service tank, booster pump. The system has 
been provided by the onboard system . 
Because the more advanced refining process, HFO 
has changes in terms of quality and quantity. HFO 
currently has a higher concentration of asphalt content and 
also experiencing a change in the fuel properties, such as 
viscosity and density.  
Homogenization process becomes important for 
fuel especially HFO. By performing the homogenization of 
fuel, fuel waste can be reduced, the quality of combustion 
can be better, and also able to provide a positive influence 
for the reduction of emissions and a reduction in NOx 
levels.  
Homogenization process is done with a tool called 
a homogenizer. The expected result is not only to reduce 
waste and emissions of ships, but also to save fuel 
consumption on ships. 
 
1.2 Statement Of Problems 
Based on the above description some statement of 
problems are formulated, which is : 
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a) What are the technical matters required for the 
installation of fuel homogenizer system on a 
tanker ship PT. Pertamina ? 
b) How long for the ship company to gain payback 
time for using a homogenizer in PT. Pertamina 
tanker ship fuel System? 
 
1.3 Research Limitation 
Research limitation on this bachelor thesis are : 
a) Research using technical analysis to gahter 
information and data from PT. Pertamina as ship 
owner, PT. PAL Indonesia as ship builder, 
NaSDEC as consultant and CV. Alpha Omega as 
homogenizer distributor 
b) Homogenizer cost comparison does not include 
the cost of maintenance during the operational. 
 
1.4 Research Objectives 
The research objective of this bachelor thesis are 
below : 
a) To know the important equpiments that are 
technically required for the installation of fuel 
homogenizer system in PT. Pertamina’s tanker, 
b) To know the economic value which will be 
obtained by PT. Pertamina if the fuel system on 
the tanker is equipped with a homogenizer. 
 
1.5 Research Benefits 
From the research that will be conducted, it is 
expected to provide benefits to various parties. The 
benefits include: 
a) To provide knowledge about the addition 
homogenizer components that could potentially 
save fuel on ships in Indonesia, 
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b) Provide knowledge of technical matters required 
in the installation of fuel homogenizer system PT. 
Pertamina’s tanker, 
c) Can provide recommendations for the PT. 
Pertamina and other shipping companies about the 
advantages of using a homogenizer from the 
economic review, 
d) Can determine the cost reduction in fuel 
consumption after using a homogenizer vessels in 
the short, medium and long term. 
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CHAPTER II 
STUDY LITERATURE 
 
2.1. Theory 
The process of homogenization can be explained 
by the picture below. Rotor and stator of homogenizer will 
smooth the HFO which flowed through. Content of the 
asphalt on the HFO is micronized to approximately 5 μm 
and homogeneously mixed. Asphalt content when is not 
homogenized may result on amount of waste formation 
(slude) and and may lead to incomplete combustion. 
 
 
Figure 0.1 Homogenization process 
 
2.1.1 The decreasing of fuel quality in the oil market 
Fifty years ago, the use of fuel residues such as 
HFO different from now. First HFO still have a better 
quality (still high hydrogen content) and the concentrations 
of tar and other impurity content is low. This is because 
the first distillation process is simple, so fuel residue 
generated approximately 50 percent of the crude oil that 
entered the distillery. But with the development of refining 
technologies that become more advanced, now fuel 
residues generated only about 16 percent of the crude oil 
that is included in the distillery. The residual fuel has a low 
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hydrogen content and high asphalt content. Thus, the use 
of fuel residues on the current becomes more complicated 
and must pass a process of preparation before can be used. 
 
 
 
Figure 0.2 Oil destilation process 
 
This Modern Distillation Process influence fuel 
quality The effect include: 
a) The content of hydrogen on fuel is lower 
b) Increasing concentrations of sulfur, vanadium, 
sodium and other metals contained naturally in 
crude oil 
c) Increased density which is make more complicate 
for the process of separation of water content and 
impurities 
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d) Increased content of asphalt 
e) Increased fuel waste due to the higher content of 
asphalt 
 
2.1.2 The effect of fuel droplet size in the combustion 
process 
The quality of fuel combustion and the formation 
of deposits, is closely related to the size of the fuel droplets 
which are sprayed into the combustion chamber. Ideally, 
the small droplet size will produce more complete 
combustion, because more surface area of fuel droplets. 
With a more complete combustion of the deposit produced 
less and less. 
Homogenizer functioned so that fuel can be 
blended up to 5 µm. Usually in HFO, the droplet size of 
aspalt can reach 120 µm, this big size can cause some 
inefficiency. 
 
 
Figure 0.3 Microscopic photo of homogenization result 
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2.2. Homogenizer 
2.2.1 Parts and Working Principle of Homogenizer 
Homogenizer work based on the working 
principles of mechanical shear force and style of ultrasonic 
waves (ultrasonic force). Inside there is a kind of serration 
conical homogenizer conical generate hydrodynamic force, 
consisting of shear, friction, and acceleration of style with 
high frequency. High content of asphalt molecules, the 
existence of cat-fines (catalyst, usually aluminum and 
silicon compounds, used in the fuel production processes), 
water content, etc. in-the homogenized into fuel (in this 
case HFO) up to a maximum particle size of 5 μm 
In brief, homogenizer is composed of two main 
components: 
1. Stator 
Stator part have serration inward arranged in a 
circle. Part stator is the stationary part 
2. Motor 
The motor part is the part that has serrations 
arranged in a circular directional exit deal with serrations 
stator. This section is attached to the motor rotor that is 
always moving (rotating) 
The motor and the stator is designed in such a way 
so as to accelerate the flow of fuel fluid so passing through 
a homogenizer. 
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Figure 0.4 Part of homogenizer 
 
While the stator is not moving, constantly rotating 
part of the motor with 1750 rpm, making mechanical 
contact between the particles with a homogenizer asphalt, 
asphalt or with other particles. Homogenizer in asphalt 
particles get hydrodynamic power, the force of friction and 
shear, particle acceleration due to the power transmitted on 
particles, and high-frequency ultrasonic waves. 
When the asphalt particles have passed through the 
homogenizer, the resulting particles become finer (3-5 
microns). This causes the particle size of the particles of 
asphalt can be mixed perfectly with the fluid fuel. Mixing 
these particles have an effect on the reduction of oil sludge 
formed. 
 
2.2.2 Homogenizer Instalation Benefit 
The use of homogenizer bring the operational 
usefulness of the ship. Some positive gains obtained are as 
follows: 
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1. More effective fuel use 
Without the use of homogenizer lot of wasted asphalt 
particles. These particles are wasted due to the relatively 
large size (120 microns or more) so it can not pass through 
the filter and purifier. Asphalt particles (C57H26) basically 
could potentially be a fuel if the size is smaller. Here 
homogenizer role. With the use of homogenizer particles 
wasted asphalt can be minimized so that the use of fuel 
becomes more effective 
2. Reduces the formation of fuel oil sludge (up 80%)  
Sludge formed by the particles are relatively large. 
With the homogenizer, the particles will be reduced in size 
(5 microns or smaller) that can be mixed with fuel without 
fear can form sludge. With the reduction in sludge that is 
formed, it also reduced the cost allocated to the treatment, 
storage, and disposal of sludge itself. 
3. Improving the quality of combustion 
The existence of a relatively large asphalt particles 
which can escape at any time of the filter and purifier, can 
cause combustion in the combustion chamber becomes 
less than perfect. Relatively large particle size does not 
allow for atomized by the injector. Carburetion failure can 
cause the asphalt particles do not burn completely. This 
can cause problems such as power generated is less, the 
formation of depressions in the piston crown and others. 
4. Reduce air emissions (NOx) and reduce engine 
maintenance costs  
With the formation of the fuel particles is more 
homogeneous, the combustion occurs in the combustion 
chamber can be more perfect. Incomplete combustion can 
damage the piston and also produce air emissions. In 
addition to the increasingly size of the fuel particles, the 
systems which the fuel pass through would be more 
durable. This certainly can reduce maintenance costs to be 
incurred. 
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CHAPTER III 
METHODOLOGY 
 
This bachelor thesis will be conducted by make 
technical and economical overview of homogenizer 
instalation on PT. Pertamina tanker ship’s fuel system. The 
method of the study will provide easier way to analys the 
problem which will be solved. Schematicly, research 
methodology are shown below : 
 
 
 
Problems Indentification 
Formulation of Issues 
and Research Objectives 
Study of Literature 
Gathering Data and 
Information 
Data Processing 
Data Analyis 
Make Investment and 
Operational Costs Model 
Conclusions and 
Recommendations 
Stage 1. 
Preparation 
Stage 2. Data 
Gathering and 
Processing 
Stage 3. Data 
Analysis and 
Conclusion 
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Research methodology which will be 
conducted are devided become three major group, which is 
preparation stage, data gathering and processing, and data 
analysis and conclusion. 
 
3.1. Preparation Stage 
3.1.1 Problem identification 
Problem identification is preliminary step in this 
research. The problem which will be analized have to be 
clearly identified. The problem which will be the topic of 
the research is technical and economical overview of 
homogenizer instalation on PT. Pertamina tanker ship’s 
fuel system.  
 
3.1.2 Formulation of issues and research objectives 
After problem identification, the next step are 
formulation of Issue and research objective. Formulation 
of issues is the main problem which will be solved. 
Reseach objective is to know the important things that are 
technically required for the installation of fuel 
homogenizer system in PT. Pertamina’s tanker and to 
know the economic value which will be obtained by PT. 
Pertamina if the fuel system on the tanker is equipped with 
a homogenizer. 
 
3.1.3 Study of literature 
Study of literature will be conducted to gain 
theories which is related to the problem solving process. 
Study of literature study working principle of 
homogenizer, homogenizer performance, homogenizer 
parts, homogenezation result process, and benefit of 
homogenization process. 
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3.2. Data Gathering and Processing Stage 
3.2.1 Gathering data and information 
Required data which will be used in research will 
be obmitted from literature study from PT. Pertamina, PT. 
PAL Indonesia, and Homogenizer maker. Additional 
resources will be collected from books, literature, 
brochure, or paper which will be gathered from internet. 
 
3.2.2 Data processing 
Data and information which have already be 
gathered then will be processed with overview method, 
which is technical and economical overview. 
 
3.3. Data Analysis and Conclusion 
3.3.1 Data analysis 
From the previous data processing, then data will 
be analized more deeper. 
 
3.3.2 Make investment and operational costs model 
After data analysis, all data then will be presented 
in model. This model consist of Investment model and 
Operational Cost model. Data modelling will make review 
and conclusion activity become more easier and simple to 
understand. 
 
3.3.3 Conclusion and recomendations 
After data modelling, the conclution can be made, 
which is also final summary from research result which 
can answer problems from the research. 
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CHAPTER IV 
OBSERVATION RESULT  
AND DATA ANALISYS 
 
4.1. Observation Data Result 
4.1.1. Ship object 
 
Figure 0.1 MT. Pangkalan Brandan 
 
Name   : MT. Pangkalan 
Brandan 
IMO Number  : 9601675 
 
Builder   : PT PAL 
Indonesia (Persero) 
Owner   : PT. Pertamina 
Technical management : Fleet III 
Delivery  : 12 Nov 2014 
Cargo   : Product Oil/White 
Oil 
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4.1.2. Ship main data 
Length Overall  : 157,20 m 
Breadth Mould  : 27,70 m 
Depth Mould  : 12,00 m 
Deadweight  : 17.500,00 ton  
Cargo Hold Capacity : 24.725,00 m
3
  
Class   : NK Class 
4.1.3. Main engine 
Type    :  MAN B & W 
6S35MC-7 
Manufacturer  : STX  
Fuel   : Heavy Fuel Oil 
(viscosity 700 cst)  
Out-put   : 4.504 kW at 173 
RPM (MCR)  
4.1.4. Ship generator 
Type   : 6DK20e 
Manufacturer  : Daihatsu 
Quantity  : 3 unit 
Engine Output  : 1040 kW 
Generator Output : 990 kW 
Fuel Oil  : MDO 
4.1.5. Ship Speed 
Service speed  :  13, 6 knots  
Maximum Speed :  127.0 RPM  
Over Speed  :  131.1 RPM  
Fuel Consumption :  30.0 ton/day 
(Design Prediction)  
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4.1.6. Homogenizer Data 
 
Figure 4.2 Homogenizer 
Brand   : S.I.T 
Type   : CD92TM 
Mycronizer MD 85-M-MD/SR-IL 
Apllication  : Sludge Reduction 
– In Line 
Serial No  : 12-1605 
Year   : 2012 
Customer  : PT. PAL 
Indonesia (Persero) 
Plant   : HN 272 
 
Operating Media : HFO & MDO 
Operation Temperaturre : 100oC 
Min. Temperature : 70oC fot HFO, 
40oC for MDO 
Max. Temperatue : 150oC 
 
Capacity Max.  : 1,5 m3/h (IFO 
700/50oC) 
Operation Pressure : 6 kg/cm2  
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Power Consumption :  4,0/4,5 kW 
Power Source  : 400/440 V – 
50/60 Hz 
 
Plant Dimension  : 
Lenght   :  900 mm 
Height   : 540 mm 
Width   : 620 mm 
4.1.7. Instalation Diagram 
 
Figure 4.3 Instalation diagram – SIT Opration Manual 
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Figure 4.4 Homogenizer in MT. Pangkalan Brandan fuel 
system drawing 
 
4.1.8. Sister Ship Data 
 
Figure 4.5 MT. Palusipat 
 
Name   : MT. Palu Sipat 
IMO Number  : 9106651 
 
Length Overall  : 160,00 m 
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LBP   : 154,00 m 
Breadth   : 26,80 m 
Depth   : 11,50 m 
Draught   : 6.9m 
Speed Service  : 13,00 knots 
Main Engine  : S35MC7 / 4959 
kW 
 
Complement  : 37 person 
Gross Tonnage  : 13964 
Deadweight  : 17.500 ton 
 
Year Delivery  :  2000 
Home port  : Jakarta 
Class society  : BKI - LR 
 
4.2. Technical Overview 
Based on data observation, below are the 
equipment which are necessary to install within 
homogenizer in MT. Pangkalan Brandan fuel systems : 
a. Electric Motor 
Brand  : Hansa 
Power  : 4,0/4,5 kW 
Voltage  : 400/440 
Frequency  : 50/60 Hz 
RPM  : 2950/3490 
b. Pressure Transmitter 
Quantity  : 2 
Type  : Electronic type/ 
Fuel In – Out 
Range Pressure : 0 – 25,0 kg/cm2 
c. Thermometre(s) 
Quantity  : 2 
Type  : Electronic type/ 
Fuel In – Out 
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Range Temp. : 0 – 150oC 
d. Inlet Flange 
DN/PN  : 32/ 16 
e. Outlet Flange 
DN/PN  : 32/ 16 
f. Switchboard 
Operating Voltage : 3 x 400/ 440 V/ 
PE/ 50/60 Hz 
Current Consuption : Max. 21.5 A 
Max. Fuse  : 40 A 
Control Voltage : 230 V/ 50 Hz 
Regulation  : VDE and VBG4/ 
IP 55 
Dimension  : 600 x 380 x 210 
mm 
Final Paintig : RAL 7035 
g. Coating 
Type  : Primer 
h. Final Painting 
Marine Paint : Marine Paint, 
RAL 6019 
i. Drip Pan 
Type  : SR-Steel St 37,  
 Square pipings 50 
x 50 x 2,6 mm 
 
4.3. Engine Room Log Book 
Engine room log book is a track record of all ship 
machinery parameters, performance, maintenance, and 
malfunctions. The recorded values and information are 
used as a reference, to compare and record data that can be 
used for a lot of purpose. 
In PT. Pertamina, engine room log book have to be 
delivered every month by ship crews to head office 
management. In this research, engine room log book is 
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used to examine the effect of homogenizer instalation to 
fuel oil consumption cost in real operational conditon. 
Two engine room log book from two ship with similiar 
dimension and same type of engine will be compared. 
Complete engine room log book are attached in appendix. 
4.3.1. Engine log MT. Palusipat 
Built by PT. PAL Indonesia in late 1997, MT. 
Palusipat is equipped with MAN B&W 7S35MC 4959kW 
main engine. MT. Palusipat duty is to deliver product oil 
from refinery to distribution terminals from Port Tanjung 
Wangi to Port Cilacap, Port Padang, Port Tanjung Priok, 
back to Port Cilacap again and finally headed to Port 
Makasar. This trip take time about 1 month in average. 
It’s have been known that MT. Palusipat is not 
equipped with homogenizer in fuel system instalation. For 
that reason, fuel oil consumption cost of MT. Palusipat 
will become a sample for ship fuel oil consumption cost 
whithout homogenizer. 
Below are presented engine log MT. Palusipat in 
sailing periode at month of February 2016 : 
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Table 4.1 Engine log MT. Palusipat 
PALUSIPAT 
Date Under Way Propelling RPM Speed FO - IFO 380 
1   2,2       
2   0,8     0,05 
3 23,8 0,2 139 8,5 12,375 
4 16,1 1,1 140 10,5 9,056 
5-7           
6           
7           
8   2,2       
9 2 1,9 109 9,5 0,687 
10 24   141 8,5 13,5 
11 24   138 9,25 12,525 
12 24   134 10,75 13,225 
13 7,8 3,2 135   4,3 
14 14,9 2,2 142 11,5 6,7 
15 24   141 12 13,475 
16 11,8 2,6 138 11 6,187 
17           
18           
19   1     1,125 
20   2,3       
21           
22 11 1,3 114 10,2 6,709 
23 16,6 1,8 138 11,5 9,64 
24 4 3,6 141   2,145 
25 17,4       0,648 
26 2,8 2,1 114 10 12,021 
27 24   137 11,2 11,579 
28 23   137 11 6,322 
29 14,7 2,1       
  267,5 30,6     144,543 
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From table above it’s can be obtained that in a 
month trip, MT. Palusipat consume 144,543 MT of HFO 
380. From 29 days sailing, 23 days are main engine 
working hours, which means in 6 days main engine are not 
active, that’s why there is no IFO consumption in day 5, 6, 
7, 17, 18, and 21. At this inactive days, ship is berthing in 
current port to loading or unloading product oil. 
Engine working hours are consist of underway and 
propelling. Propelling is a stage of ship when the ship are 
going to the port, or going to leave the port, at this stage 
main engine still running at normal condition, that’s why 
the rpm in engine log still indicate the same rpm with 
Underway condition. Meanwhile, underway it’s stage 
when the ship are sailing in the high sea. In table above, 
total main engine working hours of MT. Palusipat are 
298,1 hours. 
At some days like date 1, 8, 20, and 29, the ship is 
still in propelling stage, but there is no IFO 380 fuel oil 
consumption record. This happens because main engine 
only consumme MDO for initial starting fuel before use 
IFO 380. 
4.3.2. Engine log MT. Pangkalan Brandan 
Built by PT. PAL Indonesia in 2011, MT. 
Pangkalan Brandan is equipped with MAN B&W 
6S35MC 4504 kW main engine. MT. Pangkalan Brandan 
duty is to deliver product oil from refinery to distribution 
terminals from Port Merak to Port in Surabaya, Port in 
Banyuwangi, Tanjung Manggis, Port Kotabaru, and back 
to Port Merak. This trip take time about 1 month in 
average. 
It’s have been known that MT. Pangkalan Brandan 
is equipped with homogenizer in fuel system instalation. 
For that reason, fuel oil consumption cost of MT. 
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Pangkalan Brandanwill become a sample for ship fuel oil 
consumption cost whithout homogenizer. Below are 
presented engine log MT. Pangkalan Brandan in sailing 
periode at month of January 2016 : 
Table 4.2 Engine log MT. Pangkalan Brandan 
PANGKALAN BRANDAN 
Date Under Way Propelling RPM Speed FO - IFO 600 
1 5 0,9 158 13,1 3,765 
2-4           
5   1,5       
6           
7 4,5 5,7 160 12,4 3,264 
8 24   160 13,4 18,945 
9 3,8 1,3 160 13,6 2,851 
10           
11   3,2       
12   3       
13   3,4       
14   3,2       
15 11,8 1,1 160 13,3 9,284 
16           
17   2       
18 3,7 2 159 13,5 2,217 
19 3,8 3,5 160 13,5 3,393 
20 24   159 12,8 18,617 
21 1,5 1,8     1,107 
22   1,6       
23 14 1,8 155 12,8 9,788 
24 25   156 12,5 19,065 
25 17,4 1 156 12,3 12,949 
26-30           
31   6,3       
  138,5 43,3     105,245 
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From table above it’s can be obtained that in a 
month trip, MT. Pangkalan Brandan consume 105,245 MT 
of HFO 600. From 31 days sailing, 20 days are main 
engine working hours, which means in 11 days main 
engine are not active, that’s why there is no IFO 
consumption in day 1, 2, 3, 4, 6 10, 16, 26, 27, 28, 29, and 
30. At this inactive days, ship is berthing in current port to 
loading or unloading product oil. In table above, it’s also 
been known that total main engine working hours of MT. 
Pangkalan Brandan are 181,8 hours. 
At some days like date 5, 11, 12, 13, 14, 17 and 
22, the ship is still in propelling stage, but there is no IFO 
380 fuel oil consumption record. This happens because 
main engine only consumme MDO for initial starting fuel 
before use IFO 600. 
 
4.4. Fuel Oil Consumption Comparison 
To compare fuel oil consumption from MT. 
Pangkalan Brandan and MT. Palusipat, it’s required to find 
fuel oil consumption record when both ship are sailing at 
the same similiar speed. For this purpose, sample date are 
taken from date 25 in MT. Pangkalan Brandan engine log 
and date 15 in MT. Palusipat engine log. 
Operational SFOC than can be calculated by 
devided total FOC in date 15 with engine power multiply 
by total main engine working hour in date 15. Annual, 
monthly, daily, and hourly FOC of main engine than can 
be calculated according information from main engine log. 
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Table 4.3 Fuel oil consumption MT. Pangkalan Brandan 
Sample 
Date - 
Formula 
SFOC  
Pangkalan  
Brandan (IFO 
600) 
25 FOC/h = Total FOC/Engine BHP/Total Hour 
0,0001
5625 
Ton/K
wH 
FOC  MT. Pangkalan Brandan (MT) 
Hour 
FOC 
SFOC Pangkalan Brandan  x 4504 kW 
0,7037
5 
MT 
Daily 
FOC 
SFOC Pangkalan Brandan  x 4504 kW x 11,5 
Hour 
8,0931
25 
MT 
Monthly 
FOC 
SFOC Pangkalan Brandan  x 4504 kW x 11,5 
Hour x 12 Day 
97,117
5 
MT 
Annualy 
FOC 
SFOC Pangkalan Brandan  x 4504 kW x 11,5 
Hour x 12 Day x 12 Month 
1165,4
1 
MT 
 
From table above, it shows that FOC fot MT. 
Pangkalan Brandan is 1165,41 MT. Same calculation also 
apllied to MT. Palusipat. But, since MT.Palusipat have one 
cylinder less than MT. Pangkalan Brandan main engine, 
instead multiply SFOC MT. Palusipat with engine power 
MT. Palusipat itself, it’s have to multiplied to engine 
power of MT. Pangkalan Brandan. 
 
Table 4.4 Engine power 
Main Engine Power Pangkalan Brandan 4504 Kw 
Main Engine Power Palu Sipat   4959 kW 
 
By doing this conversion calculation, converted 
FOC of MT. Palusipat than can be used to assumption 
FOC for MT. Pangkalan Brandan whithout homogenizer 
instalation. 
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Table 4.5 Fuel oil consumption MT. Palusipat converted to 
MT. Pangkalan Brandan 
Sample  
Date - 
Formula 
SFOC Palusipat 
 (IFO 380) 
15 
FOC/h = Total FOC/Engine BHP/Total 
Hour 
0,000113
22  
Ton/k
wH 
FOC MT. Palusipat Converted to FOC MT. Pangkalan Brandan (MT) 
Hour 
FOC 
SFOC Palusipat x 4504 kW 
0,509943
20  
MT 
Daily 
FOC 
SFOC Palusipat x 4504 kW x 11,5 Hour 
5,864346
81  
MT 
Monthly 
FOC 
SFOC Palusipat x 4504 kW x 11,5 Hour x 
12 Day 
70,37216
173  
MT 
Annualy 
FOC 
SFOC Palusipat x 4504 kW x 11,5 Hour x 
12 Day x 12 Month 
844,4659
4071  
MT 
 
4.5. Fuel Oil Price Prediction  
Since fuel oil price have expierienced fluxtuation 
in past decade, it’s necessary to make prediction scenario 
for oil price, whether the future price will be icrease or 
decrease. Fuel oil price prediction are predicted for the 
next 10 years oil price. Below are five scenario of fuel oil 
price prediction for the next 10 years : 
a. Scenario 1 
Pessimistic 1  :  -2,93% annualy (decrease) 
b. Scenario 2 
Pessimistic 2  :  -1,47% annualy (decrease) 
c. Scenario 3 
Constant   :  0% annualy (constant) 
d. Scenario 4 
Optimistic 1   :  6,7% annualy (increase) 
e. Scenario 5 
Optimistic 2   :  13,41% annualy (increase) 
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Table 4.6 Fuel oil price prediction  
FUEL OIL PRICE PREDICTION (USD/MT) 
Year 
Pessimistic 1 Pessimistic 2 Constant Price Optimistic 1 Optimistic 2 
MDO IFO 380 IFO 600 MDO IFO 380 IFO 600 MDO IFO 380 IFO 600 MDO IFO 380 IFO 600 MDO IFO 380 IFO 600 
0 345,00 232,00 160,00 345,00 232,00 160,00 345,00 232,00 160,00 345,00 232,00 160,00 345,00 232,00 160,00 
1 334,89 225,20 155,31 339,94 228,60 157,66 345,00 232,00 160,00 368,12 247,55 170,72 391,25 263,10 181,45 
2 325,07 218,60 150,76 334,96 225,25 155,34 345,00 232,00 160,00 392,80 264,14 182,17 443,70 298,37 205,77 
3 315,54 212,19 146,34 330,05 221,95 153,07 345,00 232,00 160,00 419,13 281,85 194,38 503,17 338,37 233,36 
4 306,30 205,97 142,05 325,22 218,70 150,82 345,00 232,00 160,00 447,22 300,74 207,41 570,62 383,72 264,64 
5 297,32 199,94 137,89 320,45 215,49 148,61 345,00 232,00 160,00 477,19 320,89 221,31 647,12 435,16 300,11 
6 288,60 194,08 133,85 315,75 212,33 146,44 345,00 232,00 160,00 509,18 342,40 236,14 733,87 493,50 340,34 
7 280,14 188,39 129,92 311,13 209,22 144,29 345,00 232,00 160,00 543,31 365,35 251,97 832,24 559,65 385,97 
8 271,93 182,87 126,11 306,57 206,15 142,18 345,00 232,00 160,00 579,72 389,84 268,86 943,80 634,67 437,71 
9 263,96 177,51 122,42 302,07 203,13 140,09 345,00 232,00 160,00 618,58 415,97 286,88 1070,32 719,75 496,38 
10 256,23 172,30 118,83 297,65 200,16 138,04 345,00 232,00 160,00 660,04 443,85 306,10 1213,80 816,24 562,92 
Annual 
Price 
Decrease 
8,9 6,0 4,1 4,7 3,2 2,2 0,0 0,0 0,0 -31,5 -21,2 -14,6 -86,9 -58,4 -40,3 
% 2,93 2,93 2,93 1,47 1,47 1,47 0,00 0,00 0,00 -6,70 -6,70 -6,70 -13,41 -13,41 -13,41 
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4.6. Economical Analisys 
4.6.1. Initial Ivestment 
Total initial investment are gained from purchase 
order PT. PAL Indonesia to S.I.T. Homogenizer GmbH. 
Complete purchase order document can be found in 
attachment. This table below shows the summary of the 
purchase order. 
 
Table 4.7 Initial investment 
No Item Total Price 
1 Homogenizer Part 
28,000 USD 
2 Electric Motor 
3 Pressure Transmitter 
4 Thermometre(s) 
5 Inlet Flange 
6 Outlet Flange 
7 Switchboard 
8 Coating 
9 Final Painting 
10 Drip Pan 
 
4.6.2. Operational Cost 
Operational cost consist of electricity cost. As 
stated in homogenizer operational guide, the instalation of 
homogenizer will add 4.5 kW to ship electricity load. It’s  
also known from 6DK20e Daihatsu Generator’s shop trial 
records, that generator fuel consumption at full load is 
214.4 g/kWh.  
Below are the prediction of homogenizer fuel oil 
consumtion a year : 
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Table 4.8 Electricity fuel oil consumtion 
No Electricity Fuel Oil Consumption 
1 Homogenizer Load 4,5 kW 
2 Generator FO consumption 214,4 g/kWh 
3 MDO consumption per hour 964,80 g 
4 MDO consumption per day 11,10 kg 
5 MDO consumption per month 133,14 kg 
6 MDO consumption per year 1,60 Ton 
 
Below are the prediction of homogenizer  
electricity fuel oil cost up to 10 years with five different 
MDO price scenario : 
 
Table 4.9 Electricity fuel oil cost 
Electricity Fuel Oil Cost (USD/Year) 
Year 
Pessimist 1 Pessimist 2 Constant Price Optimist 1 Optimist 2 
MDO MDO MDO MDO MDO 
0 $552,0 $552,0 $552,0 $552,0 $552,0 
1 $535,8 $543,9 $552,0 $589,0 $626,0 
2 $520,1 $535,9 $552,0 $628,5 $709,9 
3 $504,9 $528,1 $552,0 $670,6 $805,1 
4 $490,1 $520,3 $552,0 $715,5 $913,0 
5 $475,7 $512,7 $552,0 $763,5 $1.035,4 
6 $461,8 $505,2 $552,0 $814,7 $1.174,2 
7 $448,2 $497,8 $552,0 $869,3 $1.331,6 
8 $435,1 $490,5 $552,0 $927,6 $1.510,1 
9 $422,3 $483,3 $552,0 $989,7 $1.712,5 
10 $410,0 $476,2 $552,0 $1.056,1 $1.942,1 
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4.6.3. Fuel Oil Saving Cost Calculation 
In order to calculate fuel oil saving cost, it’s 
necessary to calulate fuel oil consumption cost MT. 
Pangkalan Brandan and MT. Palusipat. Fuel oil 
consumption cost MT. Pangkalan Brandan can be 
calculated by multiply IFO 600 price at respective year to 
MT. Pangkalan Brandan annual fuel oil consumption, 
meanwhile assumed fuel oil consumption cost for MT. 
Pangkalan Brandan whithout homogenizer can be 
calculated by multiply IFO 380 price at respective year to 
MT. Palusipat annual fuel oil consumption which already 
have been converted. 
 This table below shows the calcluation result for 
MT. Pangkalan Brandan fuel oil consumption cost and 
assummed MT. Pangkalan Brandan fuel oil consumption 
cost whithout homogenizer  for 10 years with 5 different 
fuel oil price scenario.  
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Table 4.10 Fuel oil consumption cost MT. Pangkalan Brandan 
FUEL OIL CONSUMPTION COST MT. PANGKALAN BRANDAN (USD/YEAR) 
Year 
Pessimistic 1 Pessimistic 2 Constant Price Optimistic 1 Optimistic 2 
IFO 380 IFO 380 IFO 380 IFO 380 IFO 380 
0 186465,60 186465,60 186465,60 186465,60 186465,60 
1 181000,24 183732,91 186465,60 198963,62 211461,63 
2 175695,07 181040,27 186465,60 212299,34 239808,42 
3 170545,39 178387,09 186465,60 226528,90 271955,15 
4 165546,65 175772,79 186465,60 241712,20 308411,20 
5 160694,43 173196,80 186465,60 257913,18 349754,24 
6 155984,43 170658,57 186465,60 275200,04 396639,39 
7 151412,48 168157,53 186465,60 293645,57 449809,58 
8 146974,53 165693,15 186465,60 313327,43 510107,32 
9 142666,67 163264,88 186465,60 334328,48 578488,07 
10 138485,06 160872,20 186465,60 356737,15 656035,38 
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Table 4.11 Fuel oil consumption cost MT. Palusipat converted to MT. Pangkalan Brandan 
FO CONSUMPTION COST MT.PALUSIPAT  
CONVERTED TO MT. PANGKALAN BRANDAN (USD/MT) 
Year 
Pessimistic 1 Pessimistic 2 Constant Price Optimistic 1 Optimistic 2 
IFO 380 IFO 380 IFO 380 IFO 380 IFO 380 
0 195916,10 195916,10 195916,10 195916,10 195916,10 
1 190173,74 193044,91 195916,10 209047,55 222178,98 
2 184599,69 190215,80 195916,10 223059,15 251962,45 
3 179189,02 187428,15 195916,10 238009,89 285738,45 
4 173936,93 184681,35 195916,10 253962,72 324042,18 
5 168838,79 181974,81 195916,10 270984,80 367480,58 
6 163890,07 179307,93 195916,10 289147,80 416741,98 
7 159086,41 176680,14 195916,10 308528,19 472606,95 
8 154423,54 174090,85 195916,10 329207,57 535960,71 
9 149897,34 171539,52 195916,10 351273,00 607807,16 
10 145503,80 169025,57 195916,10 374817,39 689284,74 
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Fuel oil saving cost then can be calculate by subtract 
fuel oil consumption cost of IFO 380 fuel to fuel oil 
consumption cost of IFO 600. Fuel oil saving cost then used to 
calculate payback period.  
 
4.7. Pay Back Period 
Payback period is the length of time required to 
recover the cost of an investment. The payback period of a 
given investment or project is an important determinant of 
whether to undertake the position or project, as longer payback 
periods are typically not desirable for investment positions. 
Before calculate pay back periode, first it’s necessary 
to calculate cost saving benefit from homogenizer usage. Cost 
saving benefit is gained from fuel consumption cost of system 
that haven’t install homogenizer, minus fuel consumption cost 
of system that already install homogenizer. 
Net revenue than can be calculated by folowing 
formula : 
 
Net Revenue = Cost Saving Benefit–(Initial 
Investment+Operational Cost+Depresiation) 
(4-1) 
Payback period than can be traced by obseving in 
which year the accumulative net revenue has reach 
equilibrium with initial investment, operational cost, and 
depresiation. Below are calculation result table and graph of  
payback period for homogenizer instalation in MT. Pangkalan 
Brandan fuel systems in five different scenario : 
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Table 4.12 Payback period scenario pessimistic 1 
Year 
Payback Period Pessimistic 1 
Initial 
Investment 
Cost 
Saving 
Benefit 
Cost Saving 
Benefit 
Accumulative 
Operational 
Cost 
Operational 
Cost 
Accumulative 
Depresiation Summary % 
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 -$28.000,0 -100,00% 
1 $0,0 $9.450,5 $9.450,5 $535,8 $535,8 $2.800,0 -$21.885,3 -78,16% 
2 $0,0 $9.173,5 $18.624,0 $520,1 $1.055,9 $2.800,0 -$13.231,9 -47,26% 
3 $0,0 $8.904,6 $27.528,6 $504,9 $1.560,8 $2.800,0 -$4.832,2 -17,26% 
4 $0,0 $8.643,6 $36.172,2 $490,1 $2.050,9 $2.800,0 $3.321,4 11,86% 
5 $0,0 $8.390,3 $44.562,5 $475,7 $2.526,6 $2.800,0 $11.235,9 40,13% 
6 $0,0 $8.144,4 $52.706,9 $461,8 $2.988,4 $2.800,0 $18.918,5 67,57% 
7 $0,0 $7.905,6 $60.612,5 $448,2 $3.436,6 $2.800,0 $26.375,9 94,20% 
8 $0,0 $7.673,9 $68.286,5 $435,1 $3.871,7 $2.800,0 $33.614,8 120,05% 
9 $0,0 $7.449,0 $75.735,5 $422,3 $4.294,0 $2.800,0 $40.641,4 145,15% 
10 $0,0 $7.230,7 $82.966,1 $410,0 $4.704,0 $2.800,0 $47.462,1 169,51% 
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Table 4.13 Payback period scenario pessimistic 2 
Year 
Payback Period Pessimistic 2 
Initial 
Investment 
Cost 
Saving 
Benefit 
Cost Saving 
Benefit 
Accumulative 
Operational 
Cost 
Operational 
Cost 
Accumulative 
Depresiation Summary % 
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 -$28.000,0 -100,00% 
1 $0,0 $9.450,5 $9.450,5 $543,9 $543,9 $2.800,0 -$21.893,4 -78,19% 
2 $0,0 $9.312,0 $18.762,5 $535,9 $1.079,8 $2.800,0 -$13.117,4 -46,85% 
3 $0,0 $9.175,5 $27.938,0 $528,1 $1.607,9 $2.800,0 -$4.469,9 -15,96% 
4 $0,0 $9.041,1 $36.979,1 $520,3 $2.128,3 $2.800,0 $4.050,8 14,47% 
5 $0,0 $8.908,6 $45.887,7 $512,7 $2.641,0 $2.800,0 $12.446,7 44,45% 
6 $0,0 $8.778,0 $54.665,7 $505,2 $3.146,2 $2.800,0 $20.719,5 74,00% 
7 $0,0 $8.649,4 $63.315,0 $497,8 $3.644,0 $2.800,0 $28.871,0 103,11% 
8 $0,0 $8.522,6 $71.837,6 $490,5 $4.134,5 $2.800,0 $36.903,1 131,80% 
9 $0,0 $8.397,7 $80.235,3 $483,3 $4.617,8 $2.800,0 $44.817,5 160,06% 
10 $0,0 $8.274,6 $88.510,0 $476,2 $5.094,1 $2.800,0 $52.615,9 187,91% 
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Table 4.14 Payback period scenario constant price 
Year 
Payback Period Constant Price 
Initial 
Investment 
Cost 
Saving 
Benefit 
Cost Saving 
Benefit 
Accumulative 
Operational 
Cost 
Operational 
Cost 
Accumulative 
Depresiation Summary % 
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 -$28.000,0 -100,00% 
1 $0,0 $9.450,5 $9.450,5 $552,0 $552,0 $2.800,0 -$21.901,5 -78,22% 
2 $0,0 $9.450,5 $18.901,0 $552,0 $1.104,0 $2.800,0 -$13.003,0 -46,44% 
3 $0,0 $9.450,5 $28.351,5 $552,0 $1.656,0 $2.800,0 -$4.104,5 -14,66% 
4 $0,0 $9.450,5 $37.802,0 $552,0 $2.208,0 $2.800,0 $4.794,0 17,12% 
5 $0,0 $9.450,5 $47.252,5 $552,0 $2.760,0 $2.800,0 $13.692,5 48,90% 
6 $0,0 $9.450,5 $56.703,0 $552,0 $3.312,0 $2.800,0 $22.591,0 80,68% 
7 $0,0 $9.450,5 $66.153,5 $552,0 $3.864,0 $2.800,0 $31.489,5 112,46% 
8 $0,0 $9.450,5 $75.604,0 $552,0 $4.416,0 $2.800,0 $40.388,0 144,24% 
9 $0,0 $9.450,5 $85.054,5 $552,0 $4.968,0 $2.800,0 $49.286,5 176,02% 
10 $0,0 $9.450,5 $94.505,0 $552,0 $5.520,0 $2.800,0 $58.185,0 207,80% 
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Table 4.15 Payback period scenario optimistic 1 
Year 
Payback Period Optimistic 1 
Initial 
Investment 
Cost 
Saving 
Benefit 
Cost Saving 
Benefit 
Accumulative 
Operational 
Cost 
Operational 
Cost 
Accumulative 
Depresiation Summary % 
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 -$28.000,0 -100,00% 
1 $0,0 $9.450,5 $9.450,5 $589,0 $589,0 $2.800,0 -$21.938,5 -78,35% 
2 $0,0 $10.083,9 $19.534,4 $628,5 $1.217,5 $2.800,0 -$12.483,1 -44,58% 
3 $0,0 $10.759,8 $30.294,2 $670,6 $1.888,1 $2.800,0 -$2.393,8 -8,55% 
4 $0,0 $11.481,0 $41.775,2 $715,5 $2.603,6 $2.800,0 $8.371,6 29,90% 
5 $0,0 $12.250,5 $54.025,8 $763,5 $3.367,1 $2.800,0 $19.858,6 70,92% 
6 $0,0 $13.071,6 $67.097,4 $814,7 $4.181,8 $2.800,0 $32.115,6 114,70% 
7 $0,0 $13.947,8 $81.045,1 $869,3 $5.051,1 $2.800,0 $45.194,0 161,41% 
8 $0,0 $14.882,6 $95.927,8 $927,6 $5.978,7 $2.800,0 $59.149,1 211,25% 
9 $0,0 $15.880,1 $111.807,9 $989,7 $6.968,4 $2.800,0 $74.039,5 264,43% 
10 $0,0 $16.944,5 $128.752,4 $1.056,1 $8.024,4 $2.800,0 $89.928,0 321,17% 
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Table 4.16 Payback period scenario optimistic 2 
Year 
Payback Period Optimistic 2 
Initial 
Investment 
Cost 
Saving 
Benefit 
Cost Saving 
Benefit 
Accumulative 
Operational 
Cost 
Operational 
Cost 
Accumulative 
Depresiation Summary % 
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 -$28.000,0 -100,00% 
1 $0,0 $9.450,5 $9.450,5 $626,0 $626,0 $2.800,0 -$21.975,5 -78,48% 
2 $0,0 $10.717,4 $20.167,9 $709,9 $1.335,9 $2.800,0 -$11.968,1 -42,74% 
3 $0,0 $12.154,0 $32.321,9 $805,1 $2.141,0 $2.800,0 -$619,1 -2,21% 
4 $0,0 $13.783,3 $46.105,2 $913,0 $3.054,0 $2.800,0 $12.251,2 43,75% 
5 $0,0 $15.631,0 $61.736,2 $1.035,4 $4.089,4 $2.800,0 $26.846,8 95,88% 
6 $0,0 $17.726,3 $79.462,5 $1.174,2 $5.263,6 $2.800,0 $43.398,9 155,00% 
7 $0,0 $20.102,6 $99.565,1 $1.331,6 $6.595,1 $2.800,0 $62.169,9 222,04% 
8 $0,0 $22.797,4 $122.362,4 $1.510,1 $8.105,2 $2.800,0 $83.457,2 298,06% 
9 $0,0 $25.853,4 $148.215,8 $1.712,5 $9.817,7 $2.800,0 $107.598,1 384,28% 
10 $0,0 $29.319,1 $177.534,9 $1.942,1 $11.759,8 $2.800,0 $134.975,1 482,05% 
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Figure 4.6 Payback period graph 
 
Year
0
Year
1
Year
2
Year
3
Year
4
Year
5
Year
6
Year
7
Year
8
Year
9
Year
10
Pessimistic 1 -$28.0 -$21.8 -$13.2 -$4.83 $3.321 $11.23 $18.91 $26.37 $33.61 $40.64 $47.46
Pessimistic 2 -$28.0 -$21.8 -$13.1 -$4.46 $4.050 $12.44 $20.71 $28.87 $36.90 $44.81 $52.61
Constant Price -$28.0 -$21.9 -$13.0 -$4.10 $4.794 $13.69 $22.59 $31.48 $40.38 $49.28 $58.18
Optimistic 1 -$28.0 -$21.9 -$12.4 -$2.39 $8.371 $19.85 $32.11 $45.19 $59.14 $74.03 $89.92
Optimistic 2 -$28.0 -$21.9 -$11.9 -$619, $12.25 $26.84 $43.39 $62.16 $83.45 $107.5 $134.9
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From tables and graph above, it can be known that 
payback period occur in year 4 in all scenario. Furthermore, 
for 10 years life time of homogenizer operation, PT. Pertamina 
will gain fuel saving benefit value from installing 
homogenizer. Various fuel saving value which gained by MT. 
Pangkalan Brandan based five different scenarion are as 
follows : 
a) Scenario Pessimistic 1   : $47.462,1
 in 10 years operation 
b) Scenario Pessimistic 2   : $52.615,9
 in 10 years operation 
c) Scenario Constant Price  : $58.185,0
 in 10 years operation 
d) Scenario Optimistic 1   : $89.928,0
 in 10 years operation 
e) Scenario Optimistic 2   : $134.975,1
 in 10 years operation 
 
4.8. IRR 
Internal rate of return (IRR) is the interest rate at 
which the net present value of all the cash flows (both positive 
and negative) from a project or investment equal zero. 
Internal rate of return is used to evaluate the 
attractiveness of a project or investment. If the IRR of a new 
project exceeds a company’s required rate of return, that 
project is desirable. If IRR falls below the required rate of 
return, the project should be rejected. 
The formula for IRR is: 
 
0 = P0 + P1/(1+IRR) + P2/(1+IRR)2 + P3/(1+IRR)3 + . . . +Pn/(1+IRR)n 
(4-2) 
 
Where P0, P1, . . . Pn equals the cash flows in periods 
1, 2, . . . n, respectively; and IRR equals the project's internal 
rate of return. 
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Calculation of IRR can be done by interpolation. 
Assumption are taken in IRR calculation by determine the life 
operation of homogenizer are 10 years. By determine NPV is 0 
in year 10, IRR value than can be obtained. The folowing 
formula can be use to find IRR value : 
 
IRR = Lower Discount Rate + [NPV at Lower rate * (Higher Rate - Lower 
Rate) / (NPV at Lower Rate - NPV at Higher Rate)] 
(4-3) 
 
Below are calculation result table and graph of IRR for 
homogenizer instalation in MT. Pangkalan Brandan fuel 
systems for 10 years life time operation in five different 
scenario : 
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Table 4.17 Payback period scenario pessimistic 1 
Pessimistic 1 
Year 
Net  
Cashflow 
Present Value Factor Present Value 
5% 10% 15% 20% 30% 5% 10% 15% 20% 30% 
0 -$28.000 1,000 1,000 1,000 1,000 1,000 -$28.000 -$28.000 -$28.000 -$28.000 -$28.000 
1 -$21.885 0,952 0,909 0,870 0,833 0,769 -$20.843 -$19.896 -$19.031 -$18.238 -$16.835 
2 -$13.232 0,907 0,826 0,756 0,694 0,592 -$12.002 -$10.935 -$10.005 -$9.189 -$7.830 
3 -$4.832 0,864 0,751 0,658 0,579 0,455 -$4.174 -$3.630 -$3.177 -$2.796 -$2.199 
4 $3.321 0,823 0,683 0,572 0,482 0,350 $2.732 $2.269 $1.899 $1.602 $1.163 
5 $11.236 0,784 0,621 0,497 0,402 0,269 $8.804 $6.977 $5.586 $4.515 $3.026 
6 $18.919 0,746 0,564 0,432 0,335 0,207 $14.117 $10.679 $8.179 $6.336 $3.919 
7 $26.376 0,711 0,513 0,376 0,279 0,159 $18.745 $13.535 $9.916 $7.361 $4.203 
8 $33.615 0,677 0,467 0,327 0,233 0,123 $22.752 $15.682 $10.989 $7.818 $4.121 
9 $40.641 0,645 0,424 0,284 0,194 0,094 $26.198 $17.236 $11.553 $7.877 $3.832 
10 $47.462 0,614 0,386 0,247 0,162 0,073 $29.138 $18.299 $11.732 $7.665 $3.443 
IRR 
15% $57.466 $22.214 -$360 -$15.049 -$31.156 
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Table 4.18 Payback period scenario pessimistic 2 
Pessimistic 2 
Year Net Cashflow 
Present Value Factor Present Value 
5% 10% 15% 20% 30% 5% 10% 15% 20% 30% 
0 -$28.000 1,000 1,000 1,000 1,000 1,000 -$28.000 -$28.000 -$28.000 -$28.000 -$28.000 
1 -$21.893 0,952 0,909 0,870 0,833 0,769 -$20.851 -$19.903 -$19.038 -$18.245 -$16.841 
2 -$13.117 0,907 0,826 0,756 0,694 0,592 -$11.898 -$10.841 -$9.919 -$9.109 -$7.762 
3 -$4.470 0,864 0,751 0,658 0,579 0,455 -$3.861 -$3.358 -$2.939 -$2.587 -$2.035 
4 $4.051 0,823 0,683 0,572 0,482 0,350 $3.333 $2.767 $2.316 $1.954 $1.418 
5 $12.447 0,784 0,621 0,497 0,402 0,269 $9.752 $7.728 $6.188 $5.002 $3.352 
6 $20.719 0,746 0,564 0,432 0,335 0,207 $15.461 $11.696 $8.958 $6.939 $4.293 
7 $28.871 0,711 0,513 0,376 0,279 0,159 $20.518 $14.815 $10.854 $8.057 $4.601 
8 $36.903 0,677 0,467 0,327 0,233 0,123 $24.977 $17.216 $12.064 $8.582 $4.524 
9 $44.817 0,645 0,424 0,284 0,194 0,094 $28.890 $19.007 $12.740 $8.686 $4.226 
10 $52.616 0,614 0,386 0,247 0,162 0,073 $32.302 $20.286 $13.006 $8.498 $3.817 
IRR 
17% $70.623 $31.412 $6.230 -$10.223 -$28.406 
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Table 4.19 Payback period scenario constant price 
Constant Price 
Year Net Cashflow 
Present Value Factor Present Value 
5% 10% 15% 20% 30% 5% 10% 15% 20% 30% 
0 -$28.000 1,000 1,000 1,000 1,000 1,000 -$28.000 -$28.000 -$28.000 -$28.000 -$28.000 
1 -$21.902 0,952 0,909 0,870 0,833 0,769 -$20.859 -$19.910 -$19.045 -$18.251 -$16.847 
2 -$13.003 0,907 0,826 0,756 0,694 0,592 -$11.794 -$10.746 -$9.832 -$9.030 -$7.694 
3 -$4.105 0,864 0,751 0,658 0,579 0,455 -$3.546 -$3.084 -$2.699 -$2.375 -$1.868 
4 $4.794 0,823 0,683 0,572 0,482 0,350 $3.944 $3.274 $2.741 $2.312 $1.679 
5 $13.692 0,784 0,621 0,497 0,402 0,269 $10.728 $8.502 $6.808 $5.503 $3.688 
6 $22.591 0,746 0,564 0,432 0,335 0,207 $16.858 $12.752 $9.767 $7.566 $4.680 
7 $31.489 0,711 0,513 0,376 0,279 0,159 $22.379 $16.159 $11.838 $8.788 $5.018 
8 $40.388 0,677 0,467 0,327 0,233 0,123 $27.336 $18.841 $13.203 $9.393 $4.951 
9 $49.286 0,645 0,424 0,284 0,194 0,094 $31.771 $20.902 $14.010 $9.552 $4.648 
10 $58.185 0,614 0,386 0,247 0,162 0,073 $35.721 $22.433 $14.382 $9.397 $4.221 
IRR 
18% $84.538 $41.123 $13.173 -$5.146 -$25.525 
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Table 4.20 Payback period scenario optimistic 1 
Optimistic 1 
Year Net Cashflow 
Present Value Factor Present Value 
5% 10% 15% 20% 30% 5% 10% 15% 20% 30% 
0 -$28.000 1,000 1,000 1,000 1,000 1,000 -$28.000 -$28.000 -$28.000 -$28.000 -$28.000 
1 -$21.939 0,952 0,909 0,870 0,833 0,769 -$20.894 -$19.944 -$19.077 -$18.282 -$16.876 
2 -$12.483 0,907 0,826 0,756 0,694 0,592 -$11.322 -$10.317 -$9.439 -$8.669 -$7.386 
3 -$2.394 0,864 0,751 0,658 0,579 0,455 -$2.068 -$1.799 -$1.574 -$1.385 -$1.090 
4 $8.372 0,823 0,683 0,572 0,482 0,350 $6.887 $5.718 $4.786 $4.037 $2.931 
5 $19.859 0,784 0,621 0,497 0,402 0,269 $15.560 $12.331 $9.873 $7.981 $5.349 
6 $32.116 0,746 0,564 0,432 0,335 0,207 $23.965 $18.128 $13.884 $10.755 $6.654 
7 $45.194 0,711 0,513 0,376 0,279 0,159 $32.119 $23.192 $16.990 $12.613 $7.202 
8 $59.149 0,677 0,467 0,327 0,233 0,123 $40.034 $27.593 $19.336 $13.756 $7.251 
9 $74.040 0,645 0,424 0,284 0,194 0,094 $47.727 $31.400 $21.047 $14.349 $6.982 
10 $89.928 0,614 0,386 0,247 0,162 0,073 $55.208 $34.671 $22.229 $14.524 $6.523 
IRR 
26% $159.216 $92.974 $50.056 $21.679 -$10.460 
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Table 4.21 Payback period scenario optimistic 2 
Optimistic 2 
Year Net Cashflow 
Present Value Factor Present Value 
5% 10% 15% 20% 30% 5% 10% 15% 20% 30% 
0 -$28.000 1,000 1,000 1,000 1,000 1,000 -$28.000 -$28.000 -$28.000 -$28.000 -$28.000 
1 -$21.975 0,952 0,909 0,870 0,833 0,769 -$20.929 -$19.978 -$19.109 -$18.313 -$16.904 
2 -$11.968 0,907 0,826 0,756 0,694 0,592 -$10.855 -$9.891 -$9.050 -$8.311 -$7.082 
3 -$619 0,864 0,751 0,658 0,579 0,455 -$535 -$465 -$407 -$358 -$282 
4 $12.251 0,823 0,683 0,572 0,482 0,350 $10.079 $8.368 $7.005 $5.908 $4.289 
5 $26.847 0,784 0,621 0,497 0,402 0,269 $21.035 $16.670 $13.348 $10.789 $7.231 
6 $43.399 0,746 0,564 0,432 0,335 0,207 $32.385 $24.498 $18.763 $14.534 $8.991 
7 $62.170 0,711 0,513 0,376 0,279 0,159 $44.183 $31.903 $23.372 $17.350 $9.908 
8 $83.457 0,677 0,467 0,327 0,233 0,123 $56.487 $38.933 $27.282 $19.409 $10.231 
9 $107.598 0,645 0,424 0,284 0,194 0,094 $69.359 $45.632 $30.586 $20.853 $10.146 
10 $134.975 0,614 0,386 0,247 0,162 0,073 $82.863 $52.039 $33.364 $21.799 $9.791 
IRR 
33% $256.072 $159.708 $97.153 $55.662 $8.320 
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Figure 4.7 IRR graph 
5% 6% 7% 10% 15% 20% 30%
Pessimistic 1 $57.466,5 $49.073,7 $41.419,1 $22.213,7 -$359,8 -$15.049,3 -$31.155,8
Pessimistic 2 $70.623,0 $61.296,5 $52.786,1 $31.412,2 $6.229,6 -$10.222,5 -$28.406,3
Constant Price $84.538,1 $74.219,2 $64.799,8 $41.123,3 $13.173,3 -$5.145,8 -$25.525,2
Optimistic 1 $159.215,5 $143.501,0 $129.142,3 $92.974,1 $50.055,8 $21.679,5 -$10.460,0
Optimistic 2 $256.071,8 $233.222,4 $212.339,6 $159.708,5 $97.153,2 $55.661,6 $8.319,7
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Based on table and graph above, we can see that 
IRR result are : 
a. Scenario Pessimistic 1  : IRR 15% 
b. Scenario Pessimistic 2  : IRR 17% 
c. Scenario Constant Price  : IRR 18% 
d. Scenario Optimistic 1  : IRR 26% 
e. Scenario Optimistic 2  :  IRR 33% 
It can be seen that  more high the oil price rise, 
more high the IRR value will result. 
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TABLE OF MATERIAL 
(PIPE, JOINT AND VALVE) 
FO. PURIFYING PIPING DIAGRAM 
P i p e V a l v e Press. Test Pipe Treatment 
S y s t e m Pipe Size (mm) Material Thick. 
Flange, sleeve 
or coupling Body Disk & Seat 
Press. 
Standard 
Design 
Press. Before 
Install 
After 
Install 
Design 
Temp. Inside Outside 
 
Above 40A Cast Steel SUS or Bronze 
All Valves Attaced to 
FO. Tanks Except DB. 
Tk. 40A&Below 
- - - 
Bronze Bronze 
5K - - - 45ºC - - 
Above 40A Cast Iron SUS or Bronze HFO. Purifying Suct. 
(5H) 
40A&Below 
 
STPG 370–S 
 
SCH 
40 
Slip on Flange 
or Sleeve 
welded Bronze Bronze 
5K 3Bar 1,5x 3Bar 
1,5x 
3Bar 70ºC WH - 
Above 40A Cast Iron SUS or Bronze MDO. Purifying Suct. 
(5H) 
40A&Below 
 
STPG 370–S 
 
SCH 
40 
Slip on Flange 
or Sleeve 
welded Bronze Bronze 
5K 3Bar 1,5x 3Bar 
1,5x 3 
Bar 40ºC WH - 
Above 40A Cast Steel SUS or Bronze HFO. Purifying Disc. (5H) With Class 
Certificate (*) 40A&Below 
 
STPG 370–S 
 
SCH 
40 
Slip on Flange 
or Sleeve 
welded Bronze Bronze 
5K 3Bar 1,5x 3Bar 
1,5x 3 
Bar 90ºC WH - 
Above 40A Cast Iron SUS or Bronze MDO. Purifying Disc. (5H) With Class 
Certificate (*) 40A&Below 
 
STPG 370–S 
 
SCH 
40 
Slip on Flange 
or Sleeve 
welded Bronze Bronze 
5K 3Bar 1,5x 3Bar 
1,5x 3 
Bar 45ºC WH - 
Air vent  (9W) ALL 
 
STPG 370–E 
 
SCH 
40 
Sleeve welded 
or Slip On 
Flange 
- - 5K - - - 45ºC GZ GZ 
Above 40A Cast Iron SUS or Bronze Sludge line (9W) 
40A&Below 
SGP-E 125A 
& Above, 
SGP-B 100A 
& Below 
- 
Sleeve welded 
or Slip On 
Flange Bronze Bronze 
5K - - Leak Test 60ºC WH - 
ALL - Class Approved 
type Below 15A C 1220 - T - 
Brass union with 
bite joint  
Bronze 
Screwed - 30K - - 
Leak 
Test 45ºC - - 
 NOTE : 1. WH= Pickling GZ= Galvanizing              3/5 
STEEL PIPE SCHEDULE 
 
NOMINAL 
DIAMETER 
OUTSIDE 
DIA. (MM) THICKNESS (MM) 
(MM) (IN) STEEL PIPE 
GRE 
2000M S G P 
STPG. 370 
SCH. 40 
STPG. 370 
SCH. 80 
ROLLING 
STEEL 
PLATE 
STPL 
39S 
GRE 
2000M 
6 1/8 10.5        
8 ¼ 13.8  2.3 2.2 3.0    
10 3/8 17.3  2.3 2.3 3.2    
15 ½ 21.7  2.8 2.8 3.7  2.8  
20 ¾ 27.2  2.8 2.9 3.9    
25 1 34.0 27 3.2 3.4 4.5   3.8 
32 1 ¼ 42.7  3.5 3.6 4.9    
40 1 ½ 48.6 42 3.5 3.7 5.1   3.8 
50 2 60.5 53 3.8 3.9 5.5   4.1 
65 2 ½ 76.3  4.2 5.2 7.0    
80 3 89.1 82 4.2 5.5 7.6   4.1 
100 4 114.3 105 4.5 6.0 8.6   5.2 
125 5 139.8  4.5 6.6 9.5    
150 6 165.2 159 5.0 7.1 11.0   5.4 
200 8 216.3 209 5.8 8.2 12.7   7.0 
250 10 267.4 263 6.6 9.3 15.1   8.6 
300 12 318.5 314 6.9 10.3 17.4 4.5  10.2 
350 14 355.6 359 7.9 11.1 19.0 4.5  11.6 
400 16 406.4 407 7.9 12.7 21.4 4.5   
450 18 457.2     4.5   
500 20 508.8 505 7.9 15.1  6.0  16.0 
550 22 558.8     6.0   
600 26 609.6     6.0   
650 28 660.4     6.0   
700 28 711.2     6.0   
750 30 762.0     6.0   
 
SEAMLESS COPPER PIPE SCHEDULE 
 
NOMINAL 
DIAMETER 
THICKNESS 
(MM) 
(MM) (IN) 
OUTSIDE 
DIAMETER 
(MM) 10K 30K 
Note : 
DIAMETER OF CUT PIPE SHOWS 
OUTSIDE DIAMETER 
4 - 6 1.0 1.2 
8 1.0 1.4 6 1/8 10 1.2 1.6 
8 ¼ 12 1.2 1.6 
10 3/8 15 1.2 1.6 
15 ½ 20 1.6 2.0 
20 3/4 25 1.8 2.3 
25 1 30 1.8 2.5 
32 1 ¼ 35 2.3 2.5 
40 1 ½ 45 2.3 3.0 
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ATTACHMENT - 2 
MT. PALUSIPAT 
  
\(
NAME OF SHIP
NATIONALITY
PORT OF REGISTRY
OWNER
CALL SIGN
KIND OF SHIP
LOA ( Length Over All )
LPP ( Length Between Perpendiculars )
BREADTHMOULDED
DEPTHMOULDED
DESIGNDRAFT
SCANTLINGDRAFT
SERVTYE SPEED
DWT
GROSS TONNAGE ( GRT )
NETTONAGE (NT )
MAIN ENGINE
TYPE
BHP
RPM
MAKER
BULDERS
KEEL LAID
LAI]NCHING
DELIVERY
REGISTER CLASS
IMONO
TANDA SELAR
FRDE BOARD & DEADWEIGHT
SHIP PARTICULAR
:MT.PALU SIPAT /P-1025
IINDONESIA
: JAKAx-TA
:PERTAMINA
:YHKS
:OIL TANKER
:160 M
:154 M
: 26.80 M
:11.50M
: 07.00 M
: 07.50 M
: 13.00 KNOTS
: 17.500 TON
: 13.964 TON
: 4.658 TON
:DE7S35MC
:6650
:170
: MITSHI.IBISHI INDUSTRY LTD JAPAN
: PT.PAL INDONESIA ( SI]RABAYA )
:SEPTEMBER 12IH,1997
: JULY 15 TH, 1999
: MARCH 24 TH, 2000
:LLOYD REGISTER & BKI
: 9106651
:13.964NO.2A33 /Ba
TABT'.E
LOAD LINE GRID(Lett€r) FREE B(mm) DRAFT DISPL DWT( mt)
SUMMER (s) 4 515 7.016 24.052 17 945
TROPICAL (r) 4.369 7.t62
TROPICAI
FRESH
WATER
(TD) 4.208 7.323
FRESSW (D) 4.354 7.177
WINTER (r 4.66t 6.870 4;l
v.t.Yryle-=2v- |M,Jft*^
l"-'ni;t'a- - -
INTERTANKO’S STANDARD TANKER CHARTERING QUESTIONNAIRE 88 (Q88) Version 3 
1. VESSEL DESCRIPTION  
1.1 Date updated:  28 Jul 2015 
1.2 Vessel’s name: PALUSIPAT 
1.3 IMO number: 9106651 
1.4 Vessel’s previous name(s) and date(s) of change: N/A 
1.5 Date delivered: Mar 24, 2000 
1.6 Builder (where built): PT PAL INDONESIA  
1.7 Flag: INDONESIA 
1.8 Port of Registry: JAKARTA 
1.9 Call sign: YHKS 
1.10 Vessel’s satcom phone number: + 870773908485 
 Vessel’s fax number: N/A 
 Vessel’s telex number: N/A 
 Vessel’s email address: yhks@amosconnect.com 
1.11 Type of vessel: Oil Tanker 
1.12 Type of hull: Double hull 
Classification 
1.13 Classification society: BKI 
1.14 Class notation: + 100 (!) “OIL TANKER ESP”  SM 
1.15 If Classification society changed, name of previous society: N/A 
1.16 If Classification society changed, date of change:  N/A 
1.17 IMO type, if applicable:  N/A 
1.18 Does the vessel have ice class? If yes, state what level: NO 
1.19 Date / place of last dry-dock: Belawan 13 May 2015 
1.20 Date next dry dock due Nov 2017 
1.21 Date of last special survey / next survey due: 13 May 2015 May 2020 
1.22 Date of last annual survey: May 13 2015 
1.23 If ship has Condition Assessment Program (CAP), what is the latest overall 
rating: 
N/A 
1.24 Does the vessel have a statement of compliance issued under the provisions 
of the Condition Assessment Scheme (CAS): If yes, what is the expiry date? 
N/A 
 
Dimensions 
1.25 Length Over All (LOA): 160.00 Meters 
1.26 Length Between Perpendiculars (LBP): 154.59 Meters 
1.27 Extreme breadth (Beam): 26.80 Meters 
1.28 Molded depth: 11.50 Meters 
1.29 Keel to Masthead (KTM) / KTM in collapsed condition (if applicable): 43.1 Meters N/A 
1.30 Bow to Center Manifold (BCM) / Stern to Center Manifold (SCM): 76.5 Meters 51 Meters 
1.31 Distance bridge front to center of manifold: 51 Meters 
1.32 Parallel body distances:  Lightship Normal Ballast Summer Dwt 
 Forward to mid-point manifold: 48 Meters 50 Meters  Meters 
 Aft to mid-point manifold: 46.25 Meters 48.25 Meters  Meters 
 Parallel body length: 92.5 Meters 97.5 Meters  Meters 
1.33 FWA at summer draft / TPC immersion at summer draft:   Millimeters MetricTons 
1.34 What is the max height of mast above waterline (air draft)  Full Mast Collapsed Mast 
 Lightship: 41.23 Meters N/A 
 Normal ballast: 36.23 Meters N/A 
 At loaded summer deadweight: 36.11 Meters N/A 
Tonnages 
1.35 Net Tonnage: 14517  T 
1.36 Gross Tonnage / Reduced Gross Tonnage (if applicable): 13964 T  
1.37 Suez Canal Tonnage - Gross (SCGT) / Net (SCNT): N / A N / A 
1.38 Panama Canal Net Tonnage (PCNT): N/A 
Loadline Information 
1.39 Loadline Freeboard Draft Deadweight Displacement 
 Summer: 4.515  Meters 6.985  Meters 17945 MT MT 
 Winter: 4.661  Meters 6.839  Meters 17482 MT MT 
 Tropical: 4.369  Meters 7.131  Meters 18518 MT MT 
 Lightship: 9.63   Meters 1.87   Meters  MT 
 Normal Ballast Condition: 6.5  Meters 5 Meters 10212 MT  MT 
1.40 Does vessel have multiple SDWT? N/A 
1.41 If yes, what is the maximum assigned deadweight? N/A 
Ownership and Operation 
1.42 Registered owner - Full style: 
 
 
PT. PERTAMINA ( PERSERO ) 
Jl. Medan Merdeka Timur No. I A Jakarta Pusat. 
1.43 Technical operator - Full style: 
 
 
Shipping – Marketing Directorate  
PT.PERTAMINA ( PERSERO ) 
Jl.Yos Sudarso No.32-34, Tanjung Priok Jakarta 
14320 – Indonesia 
Phone : +62 21 4301086 
1.44 Commercial operator - Full style: 
 
 
Shipping – Marketing Directorate  
PT.PERTAMINA ( PERSERO ) 
Jl.Yos Sudarso No.32-34, Tanjung Priok Jakarta 
14320 – Indonesia 
Phone : +62 21 4301086 
1.45 Disponent owner - Full style: 
 
 
Shipping – Marketing Directorate  
PT.PERTAMINA ( PERSERO ) 
Jl.Yos Sudarso No.32-34, Tanjung Priok Jakarta 
14320 – Indonesia 
Phone : +62 21 4301086 
 
2. CERTIFICATION  Issued Last Annual 
or Intermediate 
Expires 
2.1 Safety Equipment Certificate: May 20, 2015  May 12, 2016 
2.2 Safety Radio Certificate:  May 20, 2015  May 12, 2016 
2.3 Safety Construction Certificate: May 20, 2015  May 12, 2016 
2.4 Load line Certificate: May 19, 2015  Oct 18, 2015 
2.5 International Oil Pollution Prevention Certificate 
(IOPPC): 
Apr 8, 2013 20 May 2015 Mar 21, 2016 
2.6 Safety Management Certificate (SMC): Jun 6, 2014  Feb 17, 2019 
2.7 Document of Compliance (DOC): Mar 4, 2013 23 Dec 2014 Dec 02, 2017 
2.8 USCG (specify: COC, LOC or COI):  N/A   
2.9 Civil Liability for oil polution Damage Certificate (CLC): Feb 20, 2015  Feb 20, 2016 
2.10 Civil Liability for Bunker Oil Pollution Damage 
Convention Certificate (CLBC): 
Feb 20, 2015  Feb 20, 2016 
2.11 U.S. Certificate of Financial Responsibility (COFR): N/A   
2.12 Certificate of Fitness (Chemicals): N/A   
2.13 Certificate of Fitness (Gas): N/A   
2.14 Certificate of Class: May 19, 2015  Oct 18, 2015 
2.15 International Ship Security Certificate (ISSC): Sep 26, 2013  Sep 25, 2018 
2.16 International Sewage Pollution Prevention Certificate 
(ISPPC) 
Jun 11, 2015  Jun 10, 2018 
2.17 International Air Pollution Prevention Certificate (IAPP): Jun 29, 2015  Jun 10, 2018 
Documentation 
2.18 Does vessel have all updated publications as listed in the Vessel Inspection 
Questionnaire, Chapter 2- Question 2.24, as applicable: 
Yes  
2.19 Owner warrant that vessel is member of ITOPF and will remain so for the 
entire duration of this voyage/contract: 
Yes 
 




  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ATTACHMENT - 3 
MITSUBISHI DIESEL GENERATOR 
 
 
 











  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ATTACHMENT - 4 
HOMOGENIZER PURCHASE ORDER 
  
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ATTACHMENT - 5 
S.I.T. HOMOGENIZER 
  










 
  
Fuel Conditioning
The production of F.O. sludge is a direct function of the conventional fuel
purifi cation/separation process with regard to the function principle of the 
used technology, rotor-stator principle. 
Conditioning (homogenizing) of the fuel prior to purifi cation is the easiest 
way to solve this problem. Because of the well balanced fuel structure, 
the fl ushing sequences of the purifi ers/separators can be extended to the 
maximum available time, which as a consequence will lead to a reduced 
sludge production down to less than 20% of the conventional amount. 
Fuel conditioning (homogenization) prevents the agglomeration of asphal-
tenes. The result is that more fuel is passing the separator, which now 
is remarkable unloaded from the separation process. Considering these 
facts, fuel conditioning improves the fuel handling from the economic and 
the ecologic point of view.
Meet the permanent rising of Fuel costs! 
Protect your budget! 
Ask for S.I.T CD92-Homogenizer!
The CD92-SR: "Sludge Reduction System"
With our treatment process we don’t add and don’t withdraw anything from the fuels. 
The catfines remain untreated and further on maintained by purifiers and filters.
S.I.T establishes a new, improved technical standard in order to be able to continue to 
guarantee an economic and ecological use of heavy fuel oils in future.
The Core of each CD92-system:
Different Application, same CD92-Homogenizer.
Following see the potential 
of our CD92-System to
reduce fuel costs.
No expe
riments
. 
Choose
 the Ori
ginal.
Effects & Benefi ts…
 Reduced sludge build-up from F. O. Separators and F. O. Filters.
 Recovery of former sludge disposals as valuable operation fuel for 
 us in both main engine and generator.
 Reduced bottom layers in F. O. Tanks.
 Extendable flushing intervals of F. O. Separators and F. O. Filters 
 (reduced maintenance work, reduced spare parts requirements, less 
 displacement of water, stable water seal, easier bowl cleaning, etc.).
 Installation possible without interference of operation.
 Only achievable with 
 CD92-Mycronizer.
S.I.T systems are approved by class societies ABS & LR and complying with Marpol 73/78, IMO 2000 requirements.
CD-SR
1: F. O. Settl. Tk.
2: F. O. Filter
3: F. O. Heater
4: Separator
5: Serv. Tk.
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ATTACHMENT - 6 
OTHERS HOMOGENIZER BRAND 
 
www.aquametro.com
Features
• Continuous homogenizing by shearing of 
 asphaltene clusters
•  Pure mechanical and no chemical treatment
•  Continuous generation of water in fuel emulsion
•  Sludge treatment on board
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Homogenizer
Better combustion, less maintenance
Benefits
• Reduction of sludge
•  Increases amount of burnable fuel
•  Less wear and tear on engine components
•  Individual optimization of combustion process
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System description
The homogenizer is a dynamic milling machine and it mainly consists of a specially constructed stator / rotor-milling gear to improve the fuel quality as 
well as to allow sludge treatment on board of sea-going vessels.
l Pure mechanical homogenizing l Creates long term stable fuel-water emulsion
l Free adjustable clearance between rotor and stator l Low maintenance
Principle
The Homogenizer operates on the principles of mechanical shearing and ultrasonic forces. It utilizes a special conical shaped milling gear, to generate 
high hydrodynamic power consisting of shearing, friction and acceleration forces with pressure waves of high frequency. The high molecular asphaltenes 
are reduced in their size to below 5 μm and homogenized into the heavy fuel oil.
Specification and ordering information
Power supply  400/440 V; 50/60 Hz
Working pressure  max. 15 bar
Working temperature  max. 150 °C 
Size / Type Capacity IFO380 Flange (in- /out-let)                                          Art. No. 
 at 130°C (~13cSt) DIN/ISO 2633 
 [m3/h] [mm; bar] 
Homogenizer HG100  3.0  DN 32; PN 16  94709
Homogenizer HG130  8.0  DN 50; PN 16  94710
Homogenizer HG150  12.0  DN 65; PN 16  94711
Homogenizer HG220  25.0  DN 80; PN 16  94735
Optional control panel / Type   Art. No.
Control panel CP100    95191
Control panel CP130    94725
Control panel CP150    94726
Control panel CP220    94734
Homogenizer
Asphaltenes formed into cotton
like strands in residual oil
Asphaltenes are  sheared back to 
approx. 5 µm into a homogeneous blend
SALES PARTNER: HEAD OFFICE:
AQUAMETRO AG Aquametro Marine GmbH AQUAMETRO ME JLT
Ringstrasse 75 Friedrich-Barnewitz-Str. 7 Jumeirah Lake Towers
      Jumeirah Bay X3, Office 1807   
CH-4106 Therwil D-18119 Rostock-Warnemünde P.O. Box 334132
Phone +41 61 725 11 22 Phone +49 381 519 64 88 1 Dubai / UAE
Fax +41 61 725 15 95 Fax  +49 381 519 64 88 2 Phone +971 56 7587 801                                 
info@aquametro.com rostock@aquametro.com info.amme@aquametro.com   www.aquametro.com
AQUAMETRO REPRESENT. OFFICE AQUAMETRO Japan AQUAMETRO KOREA LTD AQUAMETRO (S.E.A.) PTE LTD AQUAMETRO (CHINA) PTE LTD  
Regus Business Centre 1-18-4, Nakane  3F, 169, Sameo-ro, 190 Woodlands Industrial Park E5, Sales Office
Level 3, Neo Vikram Meguro-ku Haeundae-gu  #08-17 Woodlands BizHub 190 Woodlands Industrial Park E5
Link Road, Andheri (West)        #08-17 Woodlands BizHub
Mumbai - 400 053 / India Tokyo 152-0031 / Japan Busan 612-050 / Korea Singapore 757516 / Singapore Singapore 757516 / Singapore 
Phone +91 961 901 3282 Phone +81 3 3723 8611 Phone +82 51 905 55 66 Phone +65 6899 1980 Phone +65 6899 1980 
   Fax +81 3 5729 4607 Fax +82 51 905 55 69 Fax  +65 6899 2972 Fax  +65 6899 2972
sales.india@aquametro.com  yasuhiko.takahashi@aquametro.com aquametro@korea.com customersupport@aquametro.com.sg sales.china@aquametro.com.sg
   
   
  
 
                                                                                                            JOWA TECHNOLOGY AB 
 
 
 
TO WHOM IT MAY CONCERN 
 
 
Service letter, June 2011 
 
 
 
 
Product presentation:  
 
JOWA - HOMOGENIZER 
 
 
Today’s challenge: 
 
 “It’s all about asphaltenes in fuel. …” 
 
 
 
 
 
Core problem: 
 
Residual fuel has a high concentration of asphaltenes,  
which contributes to a wide range of combustion problems  
and undesirable combustion by-products. 
 
Asphaltenes are special problematic parts in fuel, because  
of large and heavy combustible hydrocarbon components,  
which are often insoluble. 
 
Long asphaltenes chains in fuel have the tendency to                    Typical structure of asphaltenes 
cluster into big particles even over 100µm in size.                          
 
These big particles consist of complex high calorie combustible hydrocarbons yet are 
unusable in this phase due to their size.  
 
Filters will remove these asphaltenes cluster and will unnecessary clog finally. 
 
Non- homogeneous fuel with a high amount of asphaltenes cause incorrect injection with 
non-uniform spray pattern resulting in incomplete and bad combustion.  
 
 
 
 
 
                                                                                                  JOWA TECHNOLOGY AB 
 
ONLY technical solution JOWA - HOMOGENIZER: 
 
 
 
 
 
 
 
 
 
 
JOWA - HOMOGENIZER is a dynamic fuel milling machine.  
 
Between conical shaped grinding surfaces of rotor and stator fuel is exposed to 
hydrodynamic shearing and friction forces. 
 
In result the high molecular asphaltenes in fuel will be milled to a well balanced 
homogeneous fuel, with particles of about 5µm in size. 
 
 
Operational advantages: 
 
Pre-treatment of fuel results in a smooth combustion, which will lead to much cleaner 
engine parts.  
 
Life time of filters and fuel parts will increase drastically.  
 
Combustion will be more complete which results in less deposits and smoke free exhaust. 
 
These operational advantages will affect a very fast return of investment together with 
decreased maintenance costs. 
 
JOWA – HOMOGENIZER can therefore be considered as a welcome addition in a  
fuel system both from technical and commercial viewpoint. 
 
 
Summary: 
 
 reduces sludge output 
 improves combustion 
 reduces wear and tear on engine parts 
 reduces deposits on exhaust pipes and funnels 
 
 
 “It’s all about asphaltenes particle size in fuel.  … 
 
Fuel treatment with JOWA - HOMOGENIZER is the most 
efficient way to reduce these.” 
Homogenizer SyStem
optimize your combuStion
With fuel oil often accounting for more than 40% of a vessels operation costs, 
efficient combustion is of crucial importance. Furthermore, fuel oil quality can 
have serious long term implications for engine wear and it’s associated costs.
the Homogenizer has been specifically designed to solve the uniformity 
problems ship owners and operators face when running on heavy fuel oil. there 
is no better chemical-free approach for best treatment of heavy fuel oil, water-
in-fuel-emulsion and sludge.
the equipment incorporates a hermetically sealed magnetic coupling drive 
and special hard material combination, suitable for very high pressure and 
temperature applications.
Fu
el treatm
en
t SyStem
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For m
any decades now
, Jow
a has been a 
trusted and reliable supplier of technical 
environm
ental protection equipm
ent to 
the shipping industry. W
e can offer every 
conceivable service for installation supervision, 
operation, m
onitoring and control of Jow
a’s 
equipm
ent. you can choose betw
een our ow
n 
personnel or one of our trained representatives 
all over the w
orld.
Sweden 
JOWA AB 
Tulebovägen 104 
S-428 34 Kållered 
Sweden 
Telephone: +46-31 726 54 00 
Telefax: +46-31 795 45 40 
website: www.jowa.com 
e-mail: info@jowa.se 
Norway 
JOWA NORGE A/S 
Solbergveien 22 
3057 Solbergelva 
Norway 
Telephone: +47-3223 6700 
Fax: +47-3223 6701 
website: www.jowa.no 
e-mail: post@jowa.no
Germany 
JOWA GERMANY GMBH 
Hansestrasse 21 / Haus 2 
18182 Rostock-Bentwisch 
Germany 
Telephone: +49-381 6302 660 
Fax : +49-381 6302 641 
website: www.jowa.de 
e-mail: info@jowa.de
Netherlands 
JOWA HOLLAND 
Ebweg 61 
2991 LS Barendrecht 
Netherlands 
Telephone: +31(0)180 55 71 33 
Fax : +31(0) 180 61 11 27 
website: www.jowa-holland.nl 
e-mail: post@jowa-holland.nl
USA 
JOWA USA, INC. 
59 Porter Road 
Littleton, MA 01460 
USA 
Telephone: +1-978 486 98 00 
Fax: +1-978 486 01 70 
website: www.jowa-usa.com 
e-mail: info@jowa-usa.com 
Singapore 
JOWA (S) PTE., LTD. 
93 Lorong N Telok Kurau #05-04 
Singapore 425244 
Singapore 
Telephone: +65-6872 8802 
Fax: +65-6872 8896 
website: www.jowa.sg 
e-mail: jowaspdk@singnet.com.sg
China 
JOWA (Shanghai) Marine 
Equipment Co.,Ltd. 
5111 Luo Shan Road, 
Pudong New Area 
Shanghai 201204 
China 
Telephone: +86-21-3390 6889/90/91/92 
Fax: +86-21-3390 7550 
e-mail: jowasha@jowa.com.cn
China 
JOWA (Shaoxing) Enviroment 
Protection Equipment Co.,Ltd. 
3# He Hu Road  
Paojiang Industrial Estate 
Shaoxing 312071 
China 
Telephone: +86 575 88179900 
Fax: +86 575 88158630
Korea (South) 
Jowa Korea Co. Ltd. 
1650-6, Song Jung Dong 
Gang Seo - Gu 
618-819 Busan 
South Korea 
Telephone: +82-51-831-4911~3 
Fax: +82-51-831-4914 
website: www.jowakorea.kr
e-mail: info@jowakorea.kr 
operational principle
The Homogenizer operates on the principles of mechanical shearing and ultrasonic forces. It utilises a special conical 
shaped milling gear, to generate high hydrodynamic power consisting of shearing, friction and acceleration forces 
with pressure waves of high frequency. The high molecular asphaltenes, the existing cat-fines, remaining water etc. are 
homogenized into heavy fuel oil with maximum particle size of 5 µm.
main Features
 » Reduction of fuel oil sludge
 » Increased burnable fuel amount with improved fuel efficiency
 » Improved combustion quality and reduced exhaust emissions
 » Reduced wear on engine components and reduced operational costs
 » For more info see Jowa Germany website www.jowa.de
 » Std - cap 5-8 m3/h
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CHAPTER V 
CONCLUSION AND SUGGESTION 
 
2.1. Conclusion 
 
Based on study of this research, it can be conclude the research 
result as follows : 
 
1. To install homogenizer in to MT. Pangkalan Brandan ship 
fuel system, the folowing item is required : electric motor, 
pressure transmitter, thermometres, switchboard, coating, 
final painting, drip pan, and mycronizer part. 
 
2. Over the 10 years life time of homogenizer operation, PT. 
Pertamina will gain fuel saving value from installing 
homogenizer. Fuel oil saving value are ; $47.462,1 with fuel 
oil price decrease 2,93% annually, $52.615,9 with fuel oil 
price decrease 1,47% annually, $58.185,0 with constant fuel 
oil price, $89.928,0 with fuel oil price increase 6,7% 
annually, and $134.975,1 with fuel oil price increase 13,41% 
annually. Payback period will be obtained within 4 years 
after operation. 
 
2.2. Suggestion 
 
1. This research can be continued by study the environment 
benefit from intalling homogenizer in the ship. It has been 
claimed that homogenizer not only can reduce fuel cost, but 
also can reduce NOx content, sludge, and other unuseful 
waste material. 
 
2. This research result will be more accurate if there are 
provided by homogenizer maintenance history record for 10 
years operation. The new instalation of this equipment in 
MT. Pangkalan Brandan and very few ship in Indonesia 
52 
 
which already install this equipment have lead to lack of 
information about maintenance record. For the next decade, 
trend of using homogenizer will be increased, so the 
maintenance record source can be found more easy and 
accurate result research can be gained. 
 
3. It’s sugested that in the next reseach, in analisys comparing 
operational fuel oil consumption, precentage of engine load 
is to be considered. The addition precentage of main engine 
load will provide more accuracy in operational SFOC 
calculation and comparison. 
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